The extragalactic γ-ray sky is dominated by emission from blazars, a peculiar class of active galactic nuclei (AGNs). Many of the γ-ray sources included in Fermi -Large Area Telescope Third Source catalog (3FGL) are classified as a blazar candidate of uncertain type (BCU) because there is no optical spectra available in the literature to confirm their nature. In 2013 we started a spectroscopic campaign to look for the optical counterparts of the BCUs and of the Unidentified γ-ray Sources. The main goal of our investigation is to confirm the blazar nature of these sources having peculiar properties as compact radio emission and/or selected on the basis of their infrared (IR) colors. Whenever possible we also determine their redshifts. Here we present the results of the observations carried out in the Northern hemisphere in 2013 and 2014 at Telescopio Nazionale Galilleo (TNG), Kitt Peak National Observatory (KPNO) and Observatorio Astronómico Nacional (OAN) in San Pedro Mártir. In this paper we describe the optical spectra of 25 sources. We confirmed that all the 15 BCUs observed in our campaign and included in our sample are blazars and we estimated the redshift for 3 of them. In addition, we present the spectra for 3 sources classified as BL Lacs in the literature but with no optical spectra available to date. We found that one of them is a quasar (QSO) at a redshift z = 0.208 and the other 2 are BL Lacs. Moreover, we also present 7 new spectra for known blazars listed in the Roma-BZCAT having an uncertain redshift or being classified as BL Lac candidates. We found that one of them, 5BZB J0724+2621 is a 'changing look' blazar. According to the spectrum available in the literature it was classified as a BL Lac but in our observation we clearly detected a broad emission line that lead to classify this source as a QSO at z=1.17.
INTRODUCTION
Blazars are radio-loud active galactic nuclei (AGNs) characterised by non-thermal emission over the entire electromagnetic spectrum, from the radio band to γ rays (see e.g. Giommi et al. 2013) . They show rapid variability from hours timescales in the optical band up to minutes in the γ rays (see e.g. Aharonian 2000; Homan et al. 2002) , high linear polarization from the radio to the optical frequencies (see e.g. Marscher et al. 2010; Agudo et al. 2014) , compact radio emission (see e.g. Taylor et al. 2007; Lister et al. 2009 ), flat radio spectra and superluminal motions (see e.g. Vermeulen & Cohen 1994; Kellermann et al. 2013 and references therein). The spectral energy distribution is characterised by a double bump, the first component peaking in infrared (IR)/optical wavelengths and the second one in X-rays (for more details see e.g. Giommi & Padovani 1994 , Inoue & Takahara 1996 . They are strong γ-ray emitters reaching luminosities up to 10 49 erg s −1 as reported in both the Fermi-LAT First Source Catalog (Abdo et al. 2010 ) and the Fermi-LAT Second Source Catalog (Nolan et al. 2012) .
According to Stickel et al. (1991) blazars are divided into two main subclasses: BL Lac objects which present featureless optical spectra or with emission/absorption lines of rest frame equivalent width EW < 5 Å, and flat spectrum radio quasars that show quasar-like optical spectra with broad emission lines (EW > 5 Å). In the following we label the former class as BZBs and the latter as BZQ according to the nomenclature adopted in Roma-BZCAT 'Multifrequency Catalog of BLAZARS' (Massaro et al. 2009 ). In this catalogue there are listed BL Lac candidates as sources claimed to be BL Lacs in the literature but no optical spectra was found to confirm their classification. There are also sources classified as blazars of uncertain type (BZUs), adopted for sources with peculiar characteristics, similar to those previously mentioned but also showing blazar activity like occasional presence/absence of broad spectral lines, transition objects between a radio galaxy and a BL Lac or galaxies hosting a low luminosity radio nucleus. In the latest version of the Roma-BZCAT (Massaro et al. 2015a) there is one more class, BL Lacs whose optical spectra exhibit a typical elliptical galaxy spectrum with a low Ca H&K break contrast, indicated as BZGs.
With a density of the order of 0.1 sources/degree 2 , blazars constitute the most numerous population of extragalactic γ-ray sources, about 38%. However, almost 20% of the sources above 100 MeV in the Fermi-LAT Third Source Catalog arXiv:1609.04829v1 [astro-ph.HE] 15 Sep 2016 2Álvarez Crespo et al. 2014 (Abdo et al. 2014 ) are blazar candidates of uncertain type (BCUs). They present flat radio spectra and/or X-ray counterpart and have a multifrequency behaviour similar to blazars but there is no optical spectra to precisely allow this classification ). In addition, Unidentified γ-ray Sources (UGSs) represent ∼ 33% of the Fermi -LAT Third Source Catalog and a large fraction of these sources can be associated to blazars (Massaro et al. 2012a) . Knowing how much of the emission in γ-rays comes from blazars is important to set constraints on dark matter scenarios (Mirabal et al. 2012; Berlin & Hooper 2014) , to discover new classes of γ-ray emitters, to resolve the γ-ray sky and to determine the origin of the extragalactic γ-ray background (Ajello et al. 2015) . For this purpose, several methods to recognise blazars as the low-energy counterparts of UGSs have been developed. For example, in the 3-dimensional IR color space generated by WISE photometry γ-ray emitting blazars lie in a region distinct from those where most of the other extragalactic sources dominated by thermal emission (Massaro et al. 2013a; D'Abrusco et al. 2014 ) are located. In addition, radio follow up observations of the Fermi UGSs (e.g., Kovalev 2009; Hovatta et al. 2012 Hovatta et al. , 2014 Petrov et al. 2013; Schinzel et al. 2014 ) correlation of the peculiar IR colors with existing radio databases (Massaro et al. 2013b ) and X-ray follow-up observations looking for X-ray counterparts Takeuchi et al. 2013 ) have been performed. Statistical studies based on γ-ray source properties have also allowed us to recognise the nature of the potential counterparts for UGSs (e.g., Ackermann et al. 2012; Mirabal et al. 2012; Hassan et al. 2013; Doert & Errando 2014) . However none of these methods can be conclusive without optical spectroscopic confirmation for both BCUs and UGSs.
Since 2013 we have been carrying out a spectroscopic campaign to observe the blazar-like sources of uncertain classification as well as those selected according to the methods previously listed. In this fifth paper of the series, we present the results of optical spectroscopic observations of BCUs carried out in the Northern hemisphere at Kitt Peak National Observatory (KPNO) in Tucson (USA), Telescopio Nazionale Galileo (TNG) in La Palma (Spain) and Observatorio Astronómico Nacional (OAN) in San Pedro Mártir (Mexico) between October 2013 and July 2014. Exploratory program obtained with TNG, OAN and Multiple Mirror Telescope (MMT) were described in Paggi et al. (2014) ; in addition, results for observations carried out in 2013 with SOAR and KPNO were presented in Landoni et al. (2015) , Massaro et al. (2015b Massaro et al. ( ,2015c and Ricci et al. (2015) . In this paper we focus mainly on BCUs, although we also had the opportunity to observe Roma-BZCAT sources.
The paper is organised as follows: Section 2 contains the sample selection. We present our dataset and discuss the data reduction procedures in Section 3. Then in Section 4 we report the details on the cross-matches with multifrequency databases and catalogs of the observed targets and present the results of our analysis for different types of sources. Finally Section 5 is devoted to our summary and conclusions. We use cgs units unless otherwise stated. Spectral indices, α, are defined by flux density S ν ∝ ν −α . Flat spectra are defined as α < 0.5.
SAMPLE SELECTION
Our final goal is to perform spectroscopic observations of a large sample of γ-ray blazar candidates selected on the basis of the IR colors (Massaro et al. 2011b ) and extracted from the WISE Blazar-like Radio-Loud Source (WIBRaLS) Catalog . Our observing strategy, successfully employed during the last years (see e.g. Landoni et al. 2015; Ricci et al. 2015) , consists in requesting small subsamples of our main list to different telescopes to minimize the impact on their schedule. A more comprehensive presentation of our observing strategy, a detailed summary of the results of the spectroscopic observations and their interpretation will be presented in a forthcoming paper (D'Abrusco et al. 2016) .
In Figure 1 we show the IR colors of the selected γ-ray blazar candidates in comparison with those of the known gamma-ray blazars associated in the 2FGL that were used to build the training sample (i.e., locus) to perform the all-sky search (see D'Abrusco et al. 2014 for more details).
The main criterion followed for the selection of the sources that we observed from the pool of potential targets has been mainly driven by the source visibility during the nights obtained at each telescope. We chose our targets considering the optimal conditions of visibility and airmass lower than 1.6. In addition interesting sources, such as blazar with uncertain redshifts and/or without an optical spectrum available in the literature have been also observed during gaps in our observing schedule. During our observing nights we also decided to re-observe sources when optimal conditions became available. For this reason, we decided to point at them because given to the optical variability of blazars there could be a chance to observe the source during a low state and thus detect emission and/or absorption features that enable a redshift measurement (Vermeulen et al. 1995; Falomo & Pian 2014) .
We updated the γ-ray classification of the selected sources on the basis of the recent release of the 3FGL. Thus all our targets are now indicated as Blazar candidates of uncertain type (BCU) similar to the old class labelled as active galaxies of uncertain type (AGUs) in both the 1FGL and the 2FGL.
Our sample contains 25 sources grouped as follows:
• Fifteen sources classified as blazar candidates of uncertain type (BCU) in the 3FGL which present IR colors similar to blazars, flat radio spectrum and/or an X-ray counterpart that appear to have a multifrequency behaviour similar to blazars but there are no optical spectra to precisely allow these classifications. In particular, 12 are sources that belong to the WIBRaLS Catalog. The remaining 3 are one BZB (WISE J173605.25+203301.1), one BZQ (WISE J043307.54+322840.7) and one AGU (WISE J065340.46+281848.5), respectively, with no optical spectrum available in the literature, they are now grouped with the previous 12 since all of them are classified as BCU in the 3FGL.
• Three sources selected from the 3FGL claimed as BL Lacs in the literature but without optical spectra available to confirm it.
• Two sources that are BL Lac candidates, not necessary γ-ray emitters, classified according to the criteria of the ROMA-BZCAT (Massaro et al. 2011b ).
• The remaining 5 sources are classified in the Roma-BZCAT as BZBs, but their redshifts are still uncertain.
In Table 1 we also report the 1FGL and the 2FGL names together with their old classifications and their assigned counterpart. We noticed that the latest associations for 3FGL J0653.6+2817 and 3FGL J0433.1+3228, differ from the previous one listed in the 3FGL. However for this two cases the source pointed during our campaign is the 3FGL one as reported in Table 2 . On the other hand, for 3FGL J1013.5+3440 the source was unidentified in the 2FGL catalog and we pointed the potential counterpart WISE J101349.6+344550.8 (listed in Massaro et al. 2015a ) instead of the one assigned in the 3FGL.
In Table 2 we report our results and multifrequency notes for each source to verify additional information that can support the blazar-like behaviour.
3. OBSERVATIONS AND DATA REDUCTION 3.1. Kitt Peak National observatory The spectra of twelve objects were obtained in remote observing mode at KPNO Mayall 4-m class telescope using the R-C spectrograph the nights 5th February and 4th June 2014. We adopted a slit width of 1 .2 and a low resolution gratings (KPC10A and BL181 depending on the availability at the telescope) yielding a dispersion of 3 Å pixel −1 in both cases. The average seeing during both runs was about 1 and conditions were clear. Wavelength calibration was accomplished using the spectra of an Helium-Neon-Argon lamp which guarantees a smooth coverage over the entire range. Due to poor long term stability during each night we needed to take into account flexures of the instruments and drift, so we took an arc frame before every target to guarantee a good wavelength solution for the scientific spectra. The accuracy reached is ∼3 Å rms.
3.2. Telescopio Nazionale Galileo Eight spectra were obtained using the 3.58-m Telescopio Nazionale Galileo (TNG) located at La Palma, Canary Islands (Spain). Its imaging spectrograph DOLoReS carried a 2048 x 2048 pixel E2V 4240 CCD; spectra were acquired with the LR-B grism and a 1 .5 slit width which secured a nominal spectra coverage in the 3500-8200 Å range and a dispersion of 2.5 Å pixel −1 The TNG data were acquired between October 2013 and July 2014. We adopted the same data reduction procedure for TNG as for KPNO observations. Wavelength calibration was achieved with the spectra of an Helium-Neon lamp acquired between 2 exposures of a same object.
Observatorio Astronómico Nacional San Pedro Mártir
Five objects were observed with the 2.1 m telescope of the Observatorio Astronómico Nacional (OAN) in San Pedro Mártir (Mexico) on September and October 2014. The telescope carries a Boller & Chivens spectrograph and a 1024x1024 pixel E2V-4240 CCD. The slit width was 2 .5. The spectrograph was tuned in the ∼ 4000 -8000 Å range with a resolution of 10 Å pixel −1 . Wavelength calibration was done using the spectra of a cooper-Helium-Neon-Argon lamp.
The data reduction has been performed according to our standard procedures. Further details are given in Masetti et al. (2013) , Ricci et al. (2015) and Massaro et al. (2015c) .
The set of spectroscopic data acquired was optimally extracted and reduced following standard procedures with IRAF (Horne 1986; Tody 1986) . For each acquisition we performed bias subtraction, flat field correction and cosmic rays rejection. To remove cosmic rays we achieved 2 or 3 individual exposures for each target and averaged them according to their signal to noise ratios. We then exploited the availability of the two individual exposures in the case of dubious detected spectral features to better reject spurious ones.
We dereddened the spectra for the galactic absorption assuming E B−V values taken by Schlegel et al. (1998) relation. Although our program did not require precise photometric calibration, we observed a spectrophotometric standard star to perform relative flux calibration on each spectrum. The overall spectral shape is correct, but the absolute calibration may suffer from sky condition issues, such seeing and transparency. To detect faint spectral features, especially because our targets might be BL Lac objects, aimed at estimating redshifts, we also present normalised spectra.
RESULTS
Here we report all the results of our optical analysis for the selected sources divided in four groups. We have searched for additional multifrequency information that can support the blazar-like nature in radio, IR, optical and X-ray surveys and in both NASA Extragalactic Database (NED) and SIM-BAD Astronomical Database. All the selected sources with their corresponding multifrequency notes are listed in Table  2 . There is also a note in cases where the spectral energy distribution (SED) of the source is presented in Takeuchi et al. (2013) and if the radio counterpart has a flat radio spectrum (marked as 'rf'). The surveys and catalogs used to search for the counterparts of our targets are listed in Table 3 . Note that we use the same symbol for the X-ray catalogs of XMMNewton Chandra and Swift because these X-ray observatories perform only pointed observations. There is the possibility that the pointed observation related to the field of the Fermi source was not requested as follow up but for another reason. Therefore, the discovery of the X-ray counterpart for an associated and/or identified source could be serendipitous.
4.1. Gamma-ray Active Galaxies of Uncertain type Details of the 15 BCUs observed in our sample are listed below. Multifrequency notes relative to each source are reported in Table 2 . The spectra of the whole sample are shown in the Figures 3 to 25 together with their finding charts. Our spectroscopic observations allow us to confirm that all these sources are BL Lac objects and we have been able to determine the redshift in one case in which the BL Lac shows absorption features from the host elliptical galaxy. For another source we could fix a lower redshift limit due to the presence of an intervening system seen along the line of sight.
The spectra of WISE J014935.28+860115.4 associated with 3FGL J0145.6+8600 is dominated by the emission of the host elliptical galaxy rather than by non-thermal continuum arising from the jet, the features distinguished are: G band, doublet Ca H+K (EW obs = 0.4 − 0.7Å) and Mg I (EW obs = 0.6Å). These features enable us to estimate a redshift of z = 0.15 (see Figure 4 ). In the case of the optical counterpart WISE J065344.26+281547.5 associated with 3FGL J0653.6+2817 the presence of an intervening doublet system of Mg II (EW obs = 1.3 − 1.0Å) allows us to set a lower limit on its redshift of z >0.45 (see Figure 6 ). The spectra of WISE J164734.91+495000.5, counterpart of 3FGL J1647.4+4950 shows a broad emission line that we tentatively identify with Hα (EW obs = 27.7). On the basis of our optical spectra and the radio data we classify the source as a FSRQ at a redshift z=0.049 (see Figure 13 ). This redshift is consistent with the previous value published by Falco et al. (1998) where the spectrum is described. In the rest of the BCUs only and Hα (EW obs = 48.5Å) (see Figure 18 ). This is consistent with a BZQ classification but the lack of radio data did not permit us to verify the flatness of the radio spectrum as expected for BZQs. 4 .3. BL Lac candidates in the Roma-BZCAT Here we discuss the BZB candidates in the Roma-BZCAT in our observed sample. Table 2 reports the Roma-BZCAT name, that on the Fermi counterpart when associated with a γ-ray source in the 3FGL. The spectra of this sample are shown in Figures 20 and 21 together with their finding charts. We classify 5BZB J0724+2621 as a QSO, not as a BZQ again because of the lack of radio data. It shows a broad emission line (EW obs = 26.8Å) that we tentatively identify as Mg II, yielding a redshift estimate of z = 1.17 (see Figure 20) . The other source 5BZB J0814-1012 (a.k.a 3FGL J0814.1-1012) shows a featureless continuum which allow us to confirm its classification as a BL Lac (see Figure 21) . 4 .4. Roma-BZCAT sources with uncertain nature or unknown redshifts In this subsample of 5 sources we confirmed the BL Lac nature for all of them but, unfortunately, it was not possible to establish their redshifts. In particular we re-observed 5BZB J0333+2916 (a.k.a 3FGL J0333.6+2916) and confirm its BL Lac nature but not the lower limit of the redshift set before as z > 0.14 in Shaw et al. (2013a) , because our observations show only a featureless continuum (see Figure 22 ). The same situation occurs for 5BZB J0942-0759 (a.k.a 3FGL J0942.1-0756), the spectra is dominated by a featureless continuum and it is not possible to determine the redshift (z > 0.46 in Shaw et al. 2013a, see Figure 23 ). In the case of the source 5BZG J1414+3430 we have not been able to confirm the previous redshift value of z = 0.275 in White et al. (2000) (see Figure 24 ). For the source 5BZB J2036+6553 (a.k.a 3FGL J2036.4+6551) we do not see any features on top of the non-thermal continuum and the confirmation of z > 0.30 given in Shaw et al. (2013a) was not possible (see Figure 25) . Finally for the last source 5BZB J2323+4210 (a.k.a 3FGL J2323.9+4211) the spectra is featureless so it was not possible to confirm the value z=0.059 given by . A featureless spectra of this source was presented also by Shaw et al. (2013a) and by Massaro et al. (2015c) (see Figure 26 ).
SUMMARY AND CONCLUSIONS
We present the results of our 2013 and 2014 optical spectroscopic campaign in the Northern hemisphere with the Telescopio Nazionale Galileo (TNG), Kitt Peak National Observatory (KPNO) and Observatorio Astronómico Nacional (OAN) in San Pedro Mártir. The main goal of our program is to use optical spectroscopy to confirm the nature of sources selected among the BCUs for having low radio frequency spectra (i.e. below ∼1 GHz) or peculiar IR colours.
Confirmation of blazar nature among these objects will improve and refine future associations for the Fermi catalog.
Also, once our campaign is completed, this will yield to understand the efficiency and completeness of the association method based on IR colours. One more aim is to search for redshift estimates of the potential UGS counterparts.
During our campaign we also observed several active galaxies of uncertain type as defined according to the Fermi catalogs (Ackerman et al. 2011a; Nolan et al. 2012; Abdo et al. 2014 ) to verify if they are blazars. In addition we observed several sources that already belong to the Roma-BZCAT because either there were no optical spectra available in the literature, or their estimated redshifts were still uncertain when the catalog was released.
The total number of targets presented is 25. The results of this part of the spectroscopic campaign can be reported as follows:
• In the BCU subsample, all of the sources have a blazar nature. One of them, namely WISE J014935.28+860115.4 is dominated by absorption of the host galaxy, and were able to detect absorption lines in the optical spectrum leading to a redshift measurement of z = 0.15. We have also been able to set a lower limit for WISE J065344.26+281547.5 of 0.45 thanks to the detection of a Mg II intervening system.
• We obtained the spectra of 3 sources classified as BL Lacs in the literature but with no spectra published at the time of the observations. We found that 2 of them are indeed BL Lacs but the optical spectrum of WISE J101336.51+344003.6 shows this source is a QSO at z = 0.208.
• For the 5 BZBs listed in the Roma-BZCAT with uncertain redshift estimation we were not able to obtain any z value with our observations.
• We also analysed 2 BL Lac candidates listed in the Roma-BZCAT. According to our results 5BZB J0814-1012 is confirmed as a BZB. The spectra of the source 5BZB J0724+2621 observed by White et al. (2000) showed a featureless continuum corresponding to the classification as a BL Lac, but in our observations we detected a broad emission line. This strongly indicates that the source was previously observed during a state dominated by non-thermal radiation that did not allow to detect emission lines. During our observation we observed this previously classified BL Lac showing a broad emission line that led to a QSO classification. It is a 'changing look' blazar (see e.g. Giommi et al. 2012 ). and we classify it as a QSO at a redshift z = 1.17. It has been suggested that this transition could happen due to a change in the bulk Lorentz factor of the jet (Bianchin et al. 2009 ). Other interpretation is that these blazars are instead FSRQs, whose emission lines are swamped by the relativistically boosted jet flux (Ghisellini et al. 2012 ).
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TABLE 2
Description of the selected sample. Our sources are divided in 4 subsamples: 1) Sources classified as active galaxies of uncertain type according to the 3LAC; 2) Fermi sources classified as BL Lacs in the literature without optical spectra available; 3) BZB candidates in the Roma-BZCAT. 4)BL Lac candidates, both detected and not detected by Fermi for which no optical spectroscopic information were found in the literature or BZBs with uncertain/unknown redshift estimate. Table 3 ), (10): Table 2 .
